An attempt is made to assess the importance of awareness and dreaming in patients subjected to light anaesthesia with muscle relaxants.
A great deal has been written recently about the need for so-called medical and surgical audit: a system in which medical men enquire with their colleagues into the treatments they use and the results which they obtain from these treatments. Not at first sight a very startling idea this; the startling feature would seem to be the suggestion that all the doctor's work should be inspected, not just cardully selected portions. Even in these circumstances, however, it is the doctors who tend to become both judge and jury. Doctors are curious people and sometimes give the impression of being more interested in medicine than the v are in their patients' comfort. If a medica.! audit conducted entirely by doctors is useful, asking patients directly for their opinions about their treatment in conditions in which they can express their VIews freely can also be illuminating.
My colleagues and I have been interested for some time in what we might term consumer satisfaction among patients who have been subjected to light general anaesthesia and a clinically large dose of muscle relaxant. The technique is a familiar one. Induction of anaesthesia is with a small dose of thiopentone sodium (2·5 per cent), between 50 and 250 mg depending on the size and clinical condition of the patient. d-tubocurarine (or a similar muscle relaxant) is given in a large dose (that is 30 .to 45 mg) either just before or just after the tluo-* Delivered at Sydney Hospital in January, 1975. t 1\1.A., 1\I.B., B.Chir., F.F.A.R.C.S.
pentone. Artificial pulmonary ventilation with a mixture of nitrous oxide and oxygen (up to 30%) is promptly established and when muscle relaxation is deemed adequate an endotracheal tube is passed, and pulmonary ventilation re-commenced.
Maintenance of anaesthesia is with nitrous oxide (70%) and oxygen (30%), and pulmonary ventilation is carried out either by means of a pulmonary ventilator (in this case an EastRadcliffe or Cape) previously filled with anaesthetic gas, or by manual pressure on the reservoir bag of a circle circuit. Incremental doses of tubocurarine are given as required. A moderate degree of hypocapnia is normally employed (PaC0 2 20-35 mm Hg) and is often obtained by using a circle system with a high fresh gas flow without an absorber in circuit. In some patients in our series the arterial blood carbon dioxide tension was deliberately raised and this was done by adding carbon dioxide to the inspired gas.
At the end of anaesthesia neostigmine 5 mg is given with atropine 1·2 mg and sometimes a trace of CO 2 is added to the inspired gas. vVhen muscle tone is returning the gas mixture is changed to nitrous oxide 5 litres, oxygen 5 litres and CO 2 0·5 litres. When spontaneous ventilation is firmly established pure oxygen is used to flood the circuit, and shortly afterwards the endotracheal tube is removed. Oxygen is then given by a mask for a short period after anaesthesia.
In summary it could be said that this technique represents, par excellence, the use of light general anaesthesia combined with the muscle relaxants. No central nervous depressant medication is used before operation, and no volatile or gaseous adjuvant during anaesthesia. This is the basic technique in which we were interested, though we modified it as the investigation progressed. I believe this to be the best basic method for anaesthetizing almost every case presented for major surgery. Any criticism of this technique must be viewed in the light of the possible alternatives; but all techniques should be subject to continuing scrutiny, and none should be allowed to ossify. And as mortality due to anaesthesia diminishes it gives us time to consider and to investigate anaesthetic morbidity: mere survival of our patients is no longer enough, we should aim to keep them as comfortable as is consistent with their safety.
I want to deal primarily with the problem of awareness under light anaesthesia because awareness represents the most obvious of the possible disadvantages of the technique I have outlined: and the thought that the patient might be paralysed but know what is going on in the anaesthetic room or operating theatre should disturb all anaesthetists. And most of us know that it is a practical problem of some importance. Now it may well be said that much has already been written on this subject, and that it has become too well worn a path to be interesting. Waters (1968) , for example, produced a good list of the possible technical causes of awareness: a puh'lOnary ventilator may entrain air or oxygen, or it may not be filled quickly enough with anaesthetic gas at the beginning of the anaesthetic and the patient's lungs may be ventilated with a high proportion of air, the nitrous oxide cylinder may run out, and so on.
The problem we were interested in was different. What we wanted to know was if there was an incidence of awareness when the technical causes had been, as far as is humanly possible, eliminated. For this reason the anaesthetics were carefully monitored to make sure, for example that the inspired oxygen tension was what it was supposed to be and that no obvious technical error had crept in.
The only simple way of determining whether a patient is conscious or not under anaesthesia is to try to get him to recall something which happened when he was supposed to be anaesthetized. This has, of course, been tried before, but the results have been not entirely satisfactory, and it was decided to try again. This whole field, however, is extremely difficult to investigate; so much so that many of the problems are self-evident. For example when a questionnaire is used one has to remember that patients often fail to understand questions, and the answers obtained from patients may depend on the form in which the question is put, and they may not tell the truth. Observers, too, can be prejudiced without knowing it.
You are asked to accept that we were well aware of these and other limitations and did our best, in consultation with our psychologist colleagues, to make sure that our results were as valid as they could be made. But it remains crucial to remember these results were obtained on the first day after surgery, and that different results would have been obtained later if the questions were asked at a different time-for example, at three weeks after surgery.
We started our investigation (Brice, Hetherington and Utting 1970) by seeing if patients could recall tapes when these had been played to them through earphones during anaesthesia from induction till just before the endotracheal tube was removed. We divided our patients into three groups: one group received taped piano music, one choir music and one did not have a tape played during anaesthesia at all. Post operatively within 24 hours a stereotyped interview was conducted by one of three investigators who, of course, did not know which tape, if any, had been played in the operating theatre. During this interview the patient was played the tapes and asked if he or she associated one of the tapes with the anaesthetic, and if so which of the two it was.
At the same interview the patients were also asked what was the last thing they remembered happening before going to sleep, what was the first thing they remembered when waking up, and whether they dreamed or had any recollection of what went on while they were supposed to be asleep. Finally they were asked what was the worst thing about their visit to the operating theatre, and what was the next worst.
The results were curious. No patient gave unequivocal evidence of awareness but twelve patients out of a total of 57 said that they were completely certain that one or the other tape had been played whilst they were anaesthetized. Unfortunately it was found that of these twelve patients four patients had recognized the correct tape, four had recognized the opposite tape to the one which had actually been played, and four had recognized a tape when no tape had been played at all-this despite the fact that all the investigators who asked the questions were sure that some patients had heard the tapes.
\\'e did, however, find something more than just negative results. There was. in this series of 57 patients, a very considerable proportion of patients (44~o) saying that they had dreamed. And this is probably more important than it seems to be at first sight; for though it is possible to argue that awareness and dreaming under anaesthesia are two unrelated phenomena it seems more reasonable to postulate that they lie on a sort of spectrum. One end of the spectrum might be said to be the anaesthetized patient who is, after anarsthesia, quite unable to recall dreams of any sort. It goes through patients who are less deeply anaesthetized and are able to recall dreams: perhaps more nearly aware are those whose dreams appear to be dictated by the surgical procedure. The other end of the spectrum is represented by patients who are found to have been frankly aware when they were thought to ha\"e been fully anaesthetized and unconscious.
Of course even if this hypothesis be accepted in general terms it must be remembered that there are special features about the brginning and the end of anaesthesia-when there is an unsteady state. Thus it is quite possible that a patient might be fully aware for a short time at the beginning of anaesthesia, perhaps because he has woken up from the thiopentone at a time at which nitrow; oxide has not had full effect. Thus the beginning and the end of anaesthesia might be the only time at which the patient dreams or is at risk for being aware. That this is not so is indicated later, but this is a point which has to be kept in mind.
Erice, Hetherington and Utting found that dreaming involving conversation was commoner in patients who were not having tape-recorded music played to them: it thus seems possible that the babble of conversation from the operating theatre was being built-in to dreams in patients whose auditory input was not affected by the tape-recordings. In other words something seemed to be getting across to the anaesthetized patient.
It was also found that those who showed movement on tl1l:' operating table were more inclined to dream than those in whom no movement could be detected, but there was no apparent relationship between the incidence of dreaming and the hlood carbon dioxide tension. Patients could dream when the tension was verv low, and not dream when it was higher thail the normal resting levE'ls. Thus hypocapnia does not appear to " protect" against dreaming.
True awareness under anaesthesia is at worst a very uncommon event, with the technique we are considering the true incidence is probably something less than 1· 0 per cent. If one wanted to show that a change in technique had halved the incidence of awareness one might well have to investigate several hundreds of patients. And if one has to do this it becomes impossible to be quite sure that the technique is standardized, and that frank mistakes have not crept in, like letting the nitrous oxide run out. With a high incidence of dreaming, however, it is possible to study the effects of individual techniques with relative ease.
Because we thought that dreaming was an index of possible awareness we obviously wanted to see if a change in technique could change the incidence of dreaming. Accordingly Harris, EricC', Hetherington and Utting (1971) investigated the effect of premedication with morphine, and the effect of using two volatile adjuvants-halothane and methoxyflurane. 
The group 1 (control) shows the highest incidence of dreaming: the incidence in the other groups is less and the differences in incidence between the control group and the other gruups is statistically significant (group 2, P<0·02; group 3, P<O·OOI; group 4, 1'<0·02). (From Harris, Brice, Hctherington and Utting (1971) ).
Four groups each of 30 patients were used, the trial being, of course, conducted blind and allocation to groups being on the basis of a table of random numbers. The first group of 30 acted as a control and received the " basic" anaesthetic and nothing else. The second group of 30 had the basic anaesthetic preceded by premedication with morphine in a dose of 1·0 mg/stone body weight (1'0 mg for 6·4 kg) given between half and one hour before operation. The third group of 30 had the basic anaesthetic plus halothane in a concentration of 0·3 or 0·5%), and the fourth group the basic anaesthetic plus methoxyflurane 0·1 or 0·3%. Of course when both volatile agents were given precautions were taken to avoid error because of the agent's solubilitv in rubber. In the case of both volatile ~anaesthetics the agent was given from the beginning till just before the neostigmine was administered.
The results are outlined in Table 1 . It can be seen that there is a decreased incidence of dreaming when morphine is used (p<O·02), when halothane is used (P<O'OOl) and when methoxyflurane is used (P<0·02).
We would interpret these results as indicating that the use of morphine, halothane or methoxyflurane diminishes the incidence of dreaming and, therefore, the risk of awareness during anaesthesia, and that halothane, in this respect is more efficient than premedication with morphine, or the use of methoxyflurane. We would not suggest that halothane is perfectremember that the group used is small.
It has been pointed out that dreaming might take place only at the beginning or at the end of anaesthesia. As was said at the start of anaesthesia the patient is initially anaesthetized with thiopentone and it is possible that anaesthesia from this agent might terminate before the patient has been fully anaesthetized with nitrous oxide. At the end of anaesthesia, too, the patient has to wake up, and this might be the time at which dreaming occurs.
A further investigation was, therefore, conducted on 90 patients (Smith, Utting and Whitford 1972) . As before a third acted as controls, a third were given halothane 0·5% for the first 15 min after induction, and a third were given halothane 0·5% for the last 15 min, up to and including the time at which the atropine and neostigmine were given. The difference in the incidence of dreaming between group 1 and group 2 just reaches significance at the normal confidence level (P < O· 02); the difference between group 1 and group 3 does not. (From Smith, Utting and Whitford (1972) ).
The results (Table 2) showed that halothane given at the beginning and the end of anaesthesia probably reduces the incidence of dreaming somewhat: the difference between control group and the group given halothane at the beginning of anaesthesia is just significant at the usual confidence levels, but the difference between the control group and that given halothane at the end is just not significant. Nevertheless the exhibition of halothane at the beginning or the end only is not therapeutically very useful.
One patient in this series who had halothane at the end of anaesthesia was aware during the operative procedure. Doubtless, as has been mentioned, many patients are aware of what is going on during anaesthesia because the anaesthetist has made some technical error. Here there was, so far as it is humanly possible to say, no technical error. The inspired oxygen concentration was checked and found to be just short of 30%. Three arterialized venous blood samples gave carbon dioxide tension values of between 25 and 30 mm Hg.
I have interviewed personally some thirty patients who claimed they were conscious when they were supposed to be anaesthetized. There has been no reason to doubt their veracity, but it is often impossible to be sure that their experiences have an objective basis or were dreamed or imagined. Sometimes it is possible to show that the events which the patient described, or conversations which the patient retailed, did not take place. Often there must be doubt. Sometimes there can be no doubt that the patient was aware, and this patient fits into this last category.
The patient was presented for stripping of varicose veins; and was given halothane for the last fifteen minutes of the procedure. She was able to recount accurately conversation of a nature highly irrelevant to her surgical procedure which took place at the beginning of the operation. She took neither drugs nor alcohol; contrary to what many think there is frequently no history of taking drugs or alcohol in those patients \vho are aware during anaesthesia. It was the early part of the operation which the patient remembered; it is usually the early part. She felt excruciating pain; over half of the thirty or so patients interviewed said that they felt pain. She was disorientated, confused and lachrimose immediately after surgery; this again is a not infrequent finding. Nobody, not even her husband, believed a word she said; patients are quite often upset by a wall of blank disbelief when they claim to have been aware.
Finally this lady gave a history of having been conscious when having dental extractions under general anaesthesia. This is a very important point since a number of patients claiming to have been aware give a history of awareness under previous anaesthetics. The moral is clear. A history of awareness should always be treated seriously and the anaesthetic Anaesthesia and Intensive Care, Vol. III, No. 4, November, 1975 should be given with scrupulous care by a consultant anaesthetist if medico-Iegal trouble is to be avoided.
It is, perhaps, worthwhile returning for a few minutes to the subject of dreaming under anaesthesia and considering dreaming without reference to the problem of consciousness. In the first place dreaming under anaesthesia appears to have a somewhat different pattern to that in normal sleep. Thus few patients volunteered that they had had pursuit dreams or dreams of a sexual nature whilst under anaesthesia, though most patienb readily admitted to having both of these sorts of dreams when in natural sleep.
Frequently dreams occurring in association with anaesthesia are quite pleasant: often they are of concrete situations-like meeting Aunt }1illie on Euston Station. Frequently alcohol is involved. But nut all of these dreams are pleasant. Some patients, for example, have dreams which, for want of a hetter term, we might call transcendental: they have spoken to God, got to know the secret of the universe (but can't remember it) and so on.
These can be peculiarly distressing and I have had several patients referred to me because of them. One lady, for example, claimed that the whole of her life had been changed by such a dream, occurring during a Caesarian section. :\. devout Roman Catholic her experience gave her a profound sense of evil, and a feeling that God just didn't exist.
This sort of transcendental dream appears to be relatively common during obstetric operations, and in operations during the postpartum period. As far as operations on patients in labour is concerned it is self-evident that the use of high concentrations of oxygen in the inspired gas and the use of pure oxvgen just before delivery, might well cause a high incidence of awareness, and of dreaming too. And, as is well known, women in labour and in the puerperium tend to be psychologically unstable, and possibly, therefore, particularly vulnerable to the sort of unpleasant experiences we have been considering.
We had some publicity in the national press in Great Britain when some of our results appeared and, as a result, we had several letters from readers of various newspapers recounting experiences which they said that they had had under anaesthesia. All of these were women having obstetric operations or postpartum tubal ligations. All claimed to have been greatly disturbed by what had happened to them. All were delighted that someone took them seriously and regarded their experiences as genuine.
Another type of dream which is unpleasant is the dream which appears to have been suggested by the operation-a type of dream which has been alluded to previously. Thus a patient having a gastro-enterostomy dreamed that he was at a fairground and that someone was throwing knives at his stomach. And an old lady of 70 having a utero-vaginal repair dreamed that she was having a baby. As the buzz of conversation appeared to stimulate dreams of situations involving conversation so, too, does the operation some-times (though uncommonly) appear to determine the character of the dream. Very surprisingly patients did not themselves connect this sort of dream with their operation, nor did they suggest that they had been consCious. The results from ~77 patients who might be considered to be ,. at risk" for awareness and dreaming are summarized in Table : 3. The patients included are those used by Brice, Hetherington and Utting (1970) , Harris, Brice, Hetherington and Utting (1!l71), Smith, Utting and Whitford (1972) , and Cronin, Redfern and Ftting (197:3) , except that from the second paper those receiving halothane, methoxyflurane and morphine premedication have been excluded. All the patients, therefore, had the basic technique, except for thirty who had halothane for a period at the beginning of anaesthesia, and thirty who had halothane at the end of anaesthesia. These last two groups of patients have been included because though they represent a group with a somewhat lower incidence of dreaming than the others they provide the only unequivocal evidence of awareness and should not, therefore, be excluded.
Of these 277 patients one was undoubtedly aware (that is 0·3%). Five were possibly aware (that is l·~%). This makes a grand total of 2·2 % of the series who were aware or who were possibly aware, probably two were and three were not. At any rate the period of awareness was very short indeed and from the practical point of view quite clearly of much lesser importance and much less traumatic than was the case of the patient who was definitely aware. Six (that is 2·2 % of the total of 277) had dreams which appeared to be " built-in" from the operation. A total of 13, which includes flve out of the six whose dreams were" built-in ", described their dreams as being the worst part of their visit to the operating theatre. This represents 5% and is a very constant figure; it has been produced when using questionnaires which differ quite markedly one from another, and at times much more remote from the operative procedure. It might well be said, of course, that all this is making a mountain out of a molehill-that awareness and dreaming don't matter much compared with, say, post-operative nausea and vomiting, let alone post-operative pain and preoperative anxiety. But this is really just not true.
Perhaps the best way of illustrating this is to consider data which was obtained by Cronin, Redfern and Utting (1973) from 100 general surgical patients anaesthetized by the same technique as the one described here (Figure 1 ). Among other things these patients were asked what was the worst thing about their visit to the operating theatre, using a different questionnaire to the one which I described earlier. As in previous studies 5 % said that dreaming under anaesthesia was the worst thing (this seems to be, as has been said, a very constant figure, and does not depend much on the way the question is put). Now 5% may not seem much compared to the 35% who thought that post-operative pain was the worst thing about their visit to the theatre, nor to the 15% who thought that anxiety before operation was the worst. But just think how much work has been done on post-operative pain and on pre-operative anxiety and how little on this. Some preliminary work which we have done, moreover, suggests that the memory of post-operative pain may fade more readily than the memory of unpleasant dreams and other things like it.
Our audit, too, shows, how important the waking-up process is, and just how unpleasant a nasotracheal tube can be. Kot things commonly mentioned in the anaesthetic text-books, but important enough to those who are having an operation.
Finally though common cause of awareness is not a verv the anaesthetist having t~ seek advice from the ]\[edical Defence Union it does happen, and though so far all cases have been settled out of court litigation must follow eventually if things go on as they are now. And even if it does not a terrifying experience is something which we should avoid presenting to our patients, whether they may take legal action against us or not.
